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FORCE AND PRESSURE-DISTRIPUTION MEASUREMENTS
ON.A RECTANGUT.AR WING WITH A SLOTTED DROOP NOSE
AND '"ITH EITHER PLAIN AND SPLIT FLAPS IN '
: GOI\ZBI"ATIOH OR A SLOTTED FLAP*
' By H. G. Lemme

SUMMARY

Part II

In continuation of the investigation presented in
(1), force measurements, snd pressure dlstribution measure~
ments oh the midsecticr, wers meda. on 8 rectangulsr wing
with slotted droop nose and. end nlates, on which could
be placed a cholce of either & plain flap~spllit flap comw-
bimatlion or a slotted flap. )

" The maximum 11ft increase, dus to droop nose
deflsction alone, amounted to Acamax = 0.32. It 1la

smaller than the velue (Ac-amax = 0;55) obtained for a wing

with simple droop nose. The maxluum 1ift 1lncreéases
obtalned by deflsction of the slotted droop nose and
simltaneous flap deflections are smaller than those that
occurred with the corresponding model configurations with
a simple droop nose. This is attrivutable to the fact
that the absolute value of the low preasurse points at the
droop is greater for deflectlion of the slotted droop nose
than for deflection of the simple droop nose. The )
separation of flow 1s favored. The slotted droop nose
hes no particular advantaege over the simple droop nose.

*"KraftmGSSungen und Druckverteilingsmessungen &n
eingm-Rechteckflugel mit- Spaltknicknase, Wolhungs - und
Sprelgklappe oder Rollklappe,® Zentrale fur wlssen-
schaftliches Berichtswesen der Luftfahrtforschung des
Generalluftzeugmeisters (ZWB) Berlin-Adlershof
Forschungsbericht Nr. 1676/2, Gottingen, den 1& 5.1943.
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I, INTRODUCTION

The me&asurements on & rectangular wing with simple
droop nose, slat, trailing-edge flap and split flap (1)
yielded, through a droop-nose installation, & maximum
1ift increase of Acamax = 0.55 nearly equal in

slgnificance to the one that occurs wilth an extended
slat. Howaver, with 1t there occurred at the droop-nose
hinge &a notlceable low-pressure point, that favored the
separation of flow on the sur;ace of the ailrfoll,

In connectlon with these measurements investigations
should be made to determine whether or not & droop nose,
that produces a slot between the droop nose and the alrfoil
In the deflected position, to be deslgnated briefly as
"slot-droop nose" in the following discussion, diminishes
the absolute value of the low-pressure point, and thereby
mekes nosslble an inerease in maximum 1iftd,

In this connection, force measurements without
boundary layer interference wsre made on a rectangular
wing on which elther a tralling-edge flap and a split
flap or & slotted flap could be Installed. The pressure
distribution on & representative cross sectlon of the
wing wes also determined for varlous model conflgurations.

IT. MODEL DESCRIPTION

In order to obtaln & good comparison with the
measurements given in (I) & rectangular wing was also
emnloyed in the prescnt case, equipped with end plates,
profile NACA 0009-E l; with chord 1 = 0.5m and
span b = 1,2. (Sec 1llustration 1l.) 1In consideration
of the ond plates (H = 0,74Om), the effective aspect
ratio was A = 5.

. The droop nose extendlng over the entire span of
the wing could be deflected in the range from 0%o L45°,
Thereby & slot was opened, between wing and droop nose,
that enlarged with Increaslng droop-nose deflection.

1The experiments were undertaken, at the suggestion
of Mr. Volgt, Departmont Hoead of the Messerschmitt Firm
that hold the patent on the varlous forms of the droop
nose., (Patent No. 725 766.)
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The wing was equlpped with the usual tralling-edge
flep end split -flap from (1), that.stretched over the .
entlre span, -

Upon deflectlon m, of the trailing-edge flap, the
rotation point of the aplit flap moved in a circular arc
around the rotation point of the tralling-edge flap. On
that acocount the aplit flap angle Yg - Was measured

relative to the chord of the traillng-sdge flap, In

place of the trailing-edge flep and asplit flap, a slotted
flap could be used whose position end deflectlon angle :
wer?aﬁalected according to the values previously mentioned
in .

At the average croas sectlon of the wing, pressure
medsurements were found whose locatlion and corresponding

X values are evident In 1lluetration 1,

I

IITI. THE WEASUREMENTS A¥ND THEIR EVALUATION

The research was conducted in wind tunnel I of the AVA,
which has a stream dlameter of 2.25m.

The deflinitions and symbols agree with the DIN-Standeard
(DIN L. 100, second release 1939). Other definitions that
were needed are presented in lllustration I.

The (relative) length 1is 1 = 0,5m

The (relative) area - F = 0,6m

The reference axls for the pltchlng moment liles at the
one~quarter-chord point.

(1) Force measurements for Rgpe = 1.2 X 106 (v= 31 nvél_

The influence ol the droop-nosé dellectlions, without Tlap
deflectlons, on 1lift, drag and pitching moment was measured
next. Then thres-component measurements were made with
various deflections of trailing-edge flap and split flap
for the droop-nose angle deflectlon most favorable to the
maximm l1lift, The same measurements were also made wlth

8 slotted flap 1n extended and retracted positions.




L NACA TM No. 1108

(2) Pressure-distribution measurements.~- The pressure-
distrIbution measurements were made In the "gesunden
Strommmg" region. The deflections of the droop nose,
as well as those of the tralling-sedge flap, were varled.

In &dditlon, measurements were made for various droop-
nosé deflections with slotted flap in both extended and
retrected positions.

For illustratlion purposes the pressure-distribution
measurements at several angles of the attack are repro=-
duced in illustrations 4 to 8.

The local pressures p corresponding to the dynamioc
przssure q were plotted &s directly projected on to
the wing chord line. The pressures on the plaln and
split flaps were projeeted from thelr true deflections,
while the pressures for the droop nose and slotted flap
were plotted as if they werse always at zero deflection
but were shifted slightly upstresm or downstream,

To determine the tangential force of the droop nose,
the lceal pressure p oaorprsaponding to the dynamic
pressure q was projected on a perpendicular to the
chord llne of the droop nose. These graphs are not pre-
sented in this publication.

In one part of the experiment the pressure measuring
polnts, in the slot of the droop nose, leaked. Since

the graphs of the curves §-='fQ§9 at these pointa are

almost independent of flap deflectlon for llke droop-nose
deflections and llke angles of attack, - Iln order to
avoid repetition of the measurements - they were drawn
in the samo menner as the curves for llke droop-nose
deflections and lilke angles of attack with simllar flap
deflections. For deflected plain and split flaps R? )

: X

T

combinatior, as in (1), graph of the curves, % =

for tha inboard portion of the flap was marked to corre-
spond to the measurements indicated in (3). The curves
80 obtalned were used as the basia of the following
Integraticns;

It 1s

P, static pressure on the under side of the wing

Py statlc pressure on the upper side of the wing
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b

tkn

Fgn

spen

relative length of the droop nose

=b X gy, relative area of the droop nose

Tt means: Index D determlned from pressure measurements

4
oL j—e—2 7 >

normal-force coefficlient of the droop nose per-
pendlcular to the chord 1line of the droop nose
based on the droop-nose area

tangential-force coefficlent of thd droop noase
parallel to the chord line of the droop noss
based on the droop-nose area

the moment coefficlent of the droop nose, resulting
from the normal force, around lts axes of
reference based on droop-nose area and droop-nose
length

the moment coefficlent of the droop nose resulting
from the tengential force around its axis of
reference based on droop-nose arse& and droop-
nose length.

the total moment coefflcient of the droop nose
around its axes of reference based on droop-nose
area and droop-nose length

f”/””,‘rf“*;;;;?::L’—‘———————————_——
iy i l -

D ]
(13
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IV. EXPERTMENTAL RLESULTS

l, Force Measurements

A maximum 1ift Increase of Ac = 1,07 was
@max

obtained by extenslon of the slotted flap without droop-
nose deflection. (Illustration 3.) For the same
extenslons & maxlimum 1ift increase of Acam = 1l.27

ax

may be found in {2) fgr a wing of profile NACA 23012
wlth Reff 8,0 x 10 The- difference 1s atributaeble

to the. larger Reynolds number as well as to the profile,
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. Without plain and split-flap deflections, the
largest maxirum '11ft increase Acg - - = 0.32, occurred

with & droop-nose engle & = 25° (illustration 2), .
whlle without slotted-flap deflection a A°am value

of 0,3l was obtalned for & droop-nose angle of 30°,

The differences in the maximum 1ift increase and in the
droop-nose &angle 15 attributed to the various effects of
flap slots,.

A droop-nose engle amounting to & = 350 with

slmultaneous flap deflectlons, ylelded the greatest
meximm 1ift increase. This value of & 1s greater
than the value (8 = 30°) for the simple droop nose, It
is Independent of the varlous flap deflectlons.,

The Influence of droop-nose deflsctlon on drag and
pitching moment were discussed in detail in (1l). This
Influence 1s nearly the same for deflectlon of the
slotted droop nose.

The resulting meaximum lifts are found 1n table I.
For simllar model configurations the increments are
smaller for the slotted droop nose than for the simple
droop nose. The explanation for thls can be found in
the dlscussion of the pressure-~dlstrlbution measurements.
The angles of attack corresponding to the maximum 11ift
values are 2° smaller for the slotted droop nose without
defloction and 5° smaller with flap deflection than for
the simple droop nose. )

The lergest meximum 1lift increase Acamax = 1,508

was obtained with extended slotted flap and a deflectlon
angle (8 = 35°) of the slotted droop nose. This maximum
11ft -increase 1s attributable largely to the deflection
of the slotted flap,

In contrast to the simple wing, the maxlrmm 1lift
"lncrease, resulting from deflection of the slotted droqp
nose with simulteneous flep deflectlons, Ny = = 20°

end m, = 10° 1s larger than 1t 1s without flap deflections.
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2. Pressure Measurements

Since the varlous pressure me&suring points must
have a finlte dlstance from one another it 1s not safe
to proceed wilthout also measuring the actually existing
low=pressure polnts.,

A comparison of pressure measurements for the simple
droop nose (1) and for the slotted droop nose
(1llustrations I, to 8) with the same model configurations
and with approximately the same aangle of attack demonstrated
thet the flow on the surface of the slotted droop nose
begins to separate for small droop-nose angles, &as 1t dld
on the swrface of the simple droop nose, Furthermore,
the absolute wvalues of the low-pressure points at the
droop of the slotted droop nose are noticeably larger than
at the droop of the simple droop nose, It follows that
the separatlon of flow on the surface of the alrfoll was
favored, Consequently the maximum 1ift for the deflected
slotted droop nose la smaller than for the deflectlon of
the simple droop noseé.

The normal-force, tangential-force, and moment
cosfficlentsfc, , C4 , Crn t thét were obtained

Knp Knp J

through 1integration from the preéssure-distribution measure-
ments, were recorded for the varlous model configurations
and angles of attack, Independently of tho droop-nose

angle 6. (Illustrations 9 to 23.) The shape of the
curves, whilch resembled those for the simple droop nose,

1s discussed in (l). For the same model conflgurations

the normal force 1s smaller, the &bsolute value of the
tangential force and the moment are larger for the slotted
droop nose than for the simple droop nose. However, the
differences are not very great.

3. Conclusions

For large droop-nose deflections and angles of
attack, the alr flow resultlng from the slot between
droop nose &and wing, should rotard frietion layers on the
surf&co of the airfoll,

The low-pressure polnts at the droop of the droop
noss should also be reduced by the slotted droop nose.
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.. .. The wind-tunnel measurements did not verilfy these
decreases. A slot effect is not recognizable, In-- - --
contrast to the simple droop nose, the droop-nose &angle
most favorable to maximum 1ift 1s no longer the seme

with and wilthout flap deflection. The low-pressure
points at the droop of the droop nosé were greater for
deflection of the slotted droop nose than for deflection
of the simple droop nose &nd favored rather than delayedd
the separatlion.of flow on the surface of the airfolil.

For like model configurations, the maximum 1ift obtained
for a wing wlth slotted droop nose is smaller than the
one obtained for a wing with simple droop nose, The
slotted droop nose has no advantage over the simple droop
nose.

Trensleted by Douglas Airoraft Company, Inc.
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